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® A semiconductor laser device and an optical 
device is disclosed. The semiconductor laser device 
includes a semiconductor laser chip, an optical de- 
vice, and a supporting member for supporting the 
semiconductor laser chip and the optical device. The 
optical device includes a reflection diffractive optical 
lens which diffracts part of the laser light emitted 
from the emitting end face of the semiconductor 
laser chip, to form diffracted light beams, and allows 
a diffracted light beam having a selected wavelength 
among the diffracted light beams to be incident on 
the emitting end face, whereby the wavelength of the 
laser light emitted from the semiconductor laser chip 
can be stabilized. The optical device includes a 
substrate having a first and a second main faces, a 
first optical element formed on either one main face, 
and a second optical element formed on the main 
face together with the first optical element. The 
second optical element has a reflection diffractive 
grating structure which reflects and diffracts part of 
laser tight emitted from a semiconductor laser chip 
to form a plurality of orders of diffracted light beams, 
and allowing diffracted light beams having a selected 
wavelength among the plurality of orders of dif- 
fracted light beams to be incident on the emitting 



end face of the semiconductor laser chip, whereby 
the wavelength of laser light emitted from the semi- 
conductor laser chip can be stabilized. A method of 
producing the semiconductor laser device and the 
optical device is also disclosed. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to an optical de- 
vice for a semiconductor laser, and a semiconduc- 
tor laser device in which an optical device and a 
semiconductor laser chip are formed in an inte- 
grated manner. More particularly, the present in- 
vention relates to a semiconductor laser device 
having a small size and a stable structure in which 
there is no wavelength shift of a fight source. In 
addition, the present invention relates to a method 
of producing such an optical device and to a meth- 
od of producing such a semiconductor laser de- 
vice. 

2. Description of the Related Art: 

A semiconductor laser device is small and 
light, so that it is widely used as a light source for 
an optical disk apparatus and the like. An exem- 
plary conventional semiconductor laser device is 
shown in Figure 4 {see "SHARP Semiconductor 
Laser Book", p. 17, 1992). 

The semiconductor laser device shown in Fig- 
ure 4 includes a semiconductor laser chip 1. a cap 

3. and a stem 8. When a current is caused to flow 
through the semiconductor laser chip 1, laser light 
4 is emitted from an emitting end face 9 of the 
semiconductor laser chip 1. The laser light 4 is 
further emitted to the external of the semiconductor 
laser device through a glass plate 5 which is pro- 
vided in a laser light emitting portion (opening) 11. 
The laser light 4 can be applied to various optical 
systems. A monitoring photodiode 10 is mounted 
on a member for supporting the cap 3 and the 
stem 8. The monitoring photodiode 10 monitors the 
intensity of laser light emitted from another end 
face of the semiconductor laser chip 1 opposite to 
the emitting end face 9. 

The conventional semiconductor laser device 
as shown in Figure 4 has a problem in that the 
oscillation wavelength may vary as the temperature 
of the laser chip changes. 

SUMMARY OF THE INVENTION 

The semiconductor laser device of this inven- 
tion includes: a semiconductor laser chip having an 
emitting end face for emitting laser light; an optical 
device allowing the laser light to transmit thereth- 
rough; and a supporting member for supporting the 
semiconductor laser chip and the optical device in 
an arrangement that the laser light emitted from the 
emitting end face of the semiconductor laser chip 
is incident on the optical device, wherein the op- 
tical device includes a reflection diffractive optical 
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means, and wherein the reflection diffractive optical 
means diffracts part of the laser light emitted from 
the emitting end face of the semiconductor laser 
chip, to form diffracted light beams, and allows a 

5 diffracted light beam having a selected wavelength 
among the diffracted light beams to be incident on 
the emitting end face. 

In one embodiment of the invention, the part of 
the laser light diffracted by the reflection diffractive 

10 optical means is light in the peripheral portion of 
the laser light. 

In another embodiment of the invention, the 
optical device further includes a transparent plate, 
and wherein the reflection diffractive optical means 

75 is a lens formed on a surface of the transparent 
plate, the lens being a ring-shaped lens having an 
opening. 

In another embodiment of the invention, the 
optical device further includes another optical 
20 means provided in the opening of the ring-shaped 
lens. 

In another embodiment of the invention, the 
transparent plate is disposed substantially parallel 
to the emitting end face of the semiconductor laser 
25 chip. 

In another embodiment of the invention, the 
supporting member has a portion for supporting 
the semiconductor laser chip, and a cap provided 
on the portion to cover the semiconductor laser 
30 chip, the cap having an opening for allowing at 
least part of the laser light emitted from the emit- 
ting end face of the semiconductor laser chip. 

In another embodiment of the invention, the 
transparent plate is provided on the inner side of 
35 the cap to cover the opening of the cap. 

In another embodiment of the invention, in the 
cap, the reflection diffractive optical lens faces the 
emitting end face of the semiconductor laser chip. 
In another embodiment of the invention, the 
40 reflection diffractive optical lens is provided on one 
face of a pair of faces of the transparent plate, the 
one face not facing the emitting end face of the 
semiconductor laser chip. 

In another embodiment of the invention, the 
45 transparent plate is provided on the outer side of 
the cap to cover the opening of the cap. 

In another embodiment of the invention, the 
semiconductor laser chip includes another end face 
parallel to the emitting end face, the end face 
so having a higher reflectance than that of the emitting 
end face. 

In another embodiment of the invention, a pow- 
er ratio of light allowed to be incident on the 
emitting end face by the reflection diffractive op- 
55 tical means to laser light oscillated in the semicon- 
ductor laser chip is equal to or larger than a 
reflectance of the emitting end face of the semi- 
conductor laser chip. 
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According to another aspect of the invention, a 
semiconductor laser device is provided. The semi- 
* conductor laser device includes: a semiconductor 
laser chip having an emitting end face for emitting 
laser light; and a supporting member for supporting 
^the semiconductor laser chip, wherein the support- 
ing member includes a portion for supporting the 
semiconductor laser chip and a cap for covering 
the semiconductor laser chip, and wherein the cap 
includes an opening for allowing part of the laser 
light emitted from the emitting end face of the 
semiconductor laser chip, a transparent plate which 
covers the opening of the cap, and an optical 
device provided on the transparent plate. 

According to another aspect of the invention, 
an optical device is provided. The optical device 
includes: a substrate having a first main face and a 
second main face; a first optical element formed on 
either one main face of the first main face or the 
second main face of the substrate; and a second 
optical element formed on the main face together 
with the first optical element, wherein the second 
optical element has a reflection diffractive grating 
structure, the second optical element receiving part 
of laser light emitted from an emitting end face of a 
semiconductor laser chip, reflecting and diffracting 
the part of the laser light to form a plurality of 
orders of diffracted light beams, and allowing dif- 
fracted light beams having a selected wavelength 
among the plurality of orders of diffracted light 
beams to be incident on the emitting end face of 
the semiconductor laser chip. 

In one embodiment of the invention, the first 
optical element is an opticaJ element having a 
diffractive grating structure. 

In another embodiment of the invention, the 
first optical element is a transmission element, and 
wherein the first optical element receives part of 
the laser light, and emits the part of the laser light 
to the external of the substrate. 

In another embodiment of the invention, the 
second optical element is formed around the first 
optical element. 

In another embodiment of the invention, the 
first optical element is a micro Fresnel lens. 

. In another embodiment of the invention, the 
first optical element is a reflection element, and 
wherein the first optical element receives part of 
the laser light and reflects the part of the laser light 
in a direction in which the semiconductor laser chip 
is not disposed. 

In another embodiment of the invention, an 
angle formed by the main face on which the first 
and second optical elements are formed and the 
emitting end face of the semiconductor laser chip 
is smaller than 90 * . 

In another embodiment of the invention, the 
second optical element is formed around the first 



optical element 

In another embodiment of the invention, the 
second optical element is formed at a distant posi- 
tion from the first optical element. 

5 In another embodiment of the invention, the 

optical device further includes reflection means on 
the other one of the first and second main faces on 
which the first and second optical elements are not 
formed, wherein the second optical element re- 

ro ceives the part of the laser light emitted from the 
emitting end face of the semiconductor laser chip 
via the reflection means, and allowing the diffracted 
light beams having the selected wavelength among 
the plurality of orders of diffracted light beams to 

is be incident on the emitting end face of the semi- 
conductor laser chip via the reflection means. 

In another embodiment of the invention, the 
optical device further includes reflection means on 
the other one of the first and second main faces on 

20 which the first and second optical elements are not 
formed, wherein the second optical element re- 
ceives the part of the laser light emitted from the 
emitting end face of the semiconductor laser chip, 
and allowing the diffracted light beams having the 

25 selected wavelength among the plurality of orders 
of diffracted light beams to be incident on the 
emitting end face of the semiconductor laser chip. 

In another embodiment of the invention, the 
reflection means receives zero-order diffracted light 

30 beams among the plurality of orders of diffracted 
light beams from the second optical element, and 
reflects the zero-order diffracted light beams, 
whereby the zero-order diffracted light beams are 
allowed to be incident on the first optical element. 

35 In another embodiment of the invention, the 

first optical element forms other diffracted light 
beams from the zero-order diffracted light beams 
which are received from the second optical ele- 
ment via the reflection means, and emits the other 

40 diffracted light beams to the external of the sub- 
strate. 

In another embodiment of the invention, the 
first optical element forms other diffracted light 
beams from the zero-order diffracted light beams 

45 which are received from the second optical ele- 
ment via the reflection means. 

In another embodiment of the invention, the 
optical device further includes reflection means on 
the other one of the first or second main face on 

so which the first and second optical elements are not 
formed, wherein the first optical element receives 
the laser light emitted from the emitting end face of 
the semiconductor laser chip via the reflection 
means, and collimates the laser light so as to be 

55 parallel light, and wherein the second optical ele- 
ment receives the parallel light via the reflection 
means to form the plurality of orders of the dif- 
fracted light beams, and allows the diffracted light 
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beams having the selected wavelength among the 
plurality of orders of diffracted light beams to be 
incident on the emitting end face of the semicon- 
ductor laser chip via the reflection means and the 
first optical element. 

In another embodiment of the invention, the 
optical device further includes reflection means on 
the other one of the first or second main face on 
which the first and second optical elements are not 
formed, wherein the first optical element receives 
the laser light emitted from the emitting end face of 
the semiconductor laser chip, and collimates the 
laser light so as to be parallel light, and wherein 
the second optical element receives the parallel 
light via the reflection means to form the plurality of 
orders of the diffracted light beams, and allows the 
diffracted light beams having the selected 
wavelength among the plurality of orders of dif- 
fracted light beams to be incident on the emitting 
end face of the semiconductor laser chip via the 
reflection means and the first optical element. 

In another embodiment of the invention, the 
second optical element is a linear grating having a 
uniform period. 

In another embodiment of the invention, the 
laser light emitted from the emitting end face of the 
semiconductor laser chip is elliptical in section 
perpendicular to an emitting direction, and wherein 
the main face of the first or second main face of 
the substrate on which the first and second optical 
elements are formed is perpendicufar to the plane 
which includes both a major axis of the ellipse and 
the emitting direction. 

In another embodiment of the invention, a pow- 
er ratio of light allowed to be incident on the 
emitting end face by the second optical element to 
laser light oscillated in the semiconductor laser 
chip is equal to or larger than a reflectance of the 
emitting end face of the semiconductor laser chip. 

In another embodiment of the invention, the 
optical device further includes: reflection means on 
the other one of the first or second main face on 
which the first and second optical elements are not 
formed; an objective lens formed on the substrate, 
the objective lens receiving the laser light propa- 
gated in a zigzag manner via the reflection means, 
and converging the laser light onto an optical in- 
formation recording medium; and photodetector 
means for detecting light reflected by the optical 
information recording medium, the photodetector 
means producing a signal which includes informa- 
tion recorded on the information recording medium. 

In another embodiment of the invention, the 
optical device further includes: reflection means on 
the other one of the first or second main face on 
which the first and second optical elements are not 
formed; an objective lens formed on the substrate, 
the objective lens receiving the laser light propa- 



gated in a zigzag manner via the reflection means, 
and converging the laser light onto an optical in- 
formation recording medium; and photodetector 
means for detecting light reflected by the optical 
5 information recording medium, the photodetector 
means producing a signal which includes informa- 
tion recorded on the information recording medium. 

In another embodiment of the invention, the 
optical device further includes positional signal de- 

w tecting means formed on the substrate, the posi- 
tional signal detecting means receiving the light 
reflected by the optical information recording me- 
dium, and dividing the light into a plurality of por- 
tions, wherein the photodetector means includes at 

is least four photodetectors, the photodetectors re- 
ceiving the plurality of portions of the light, and 
producing a positional signal based on the plurality 
of portions of the light. 

In another embodiment of the invention, the 

20 optical device further includes positional signal de- 
tecting means formed on the substrate, the posi- 
tional signal detecting means receiving the light 
reflected by the optical information recording me- 
dium, and dividing the light into a plurality of por- 

25 tions, wherein the photodetector means includes at 
least four photodetectors. the photodetectors re- 
ceiving the plurality of portions of the tight, and 
producing a positional signal based on the plurality 
of portions of the light. 

30 According to another aspect of the invention, a 

method of producing an optical device of the 
above-mentioned type is provided. The method 
includes the steps of: producing a metal mold for 
defining a surface pattern of the first and second 

35 optical elements; and duplicating the substrate hav- 
ing the first and second optical elements with the 
metal mode. 

Thus, the invention described herein makes 
possible the advantages of (1) providing an optical 

40 device, (2) providing a semiconductor laser device 
having a small size in which wavelength fluctuation 
of a light source is not caused, (3) providing a 
method of producing such an optical device, and 
(4) providing a method of producing such a semi- 

45 conductor laser device. 

These and other advantages of the present 
invention will become apparent to those skilled in 
the art upon reading and understanding the follow- 
ing detailed description with reference to the ac- 

50 companying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a view showing an internal con- 
55 struction of a semiconductor laser device of a first 
example according to the invention. 

Figure 2A is a cross-sectional view illustrating 
an operation of the semiconductor laser device of 
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the first example according to the invention, and 
Figure 2B is a view showing a shape of a reflection 
diffractive optical lens formed on the lower face of 
a glass plate in the first example. 

Figure 3 is a cross-sectionai view showing a 
construction of a semiconductor laser device of a 
second example according to the invention. 

Figure 4 is a view showing an internal con- 
struction of a conventional semiconductor laser de- 
vice. 

Figure 5A is a cross-sectional view showing a 
construction of an optical device of a third example 
according to the invention, and Figure 5B is a top 
view of the third example. 

Figure 6 is a side view illustrating the reflection 
and diffraction of light having various wavelengths 
in the optical device of the third example according 
to the invention. 

Figure 7A is a cross-sectional view showing a 
construction of an optical device of a fourth exam- 
ple according to the invention, and Figure 7B is a 
top view of the fourth example. 

Figure 8A is a cross-sectional view showing a 
construction of an optical device of a fifth example 
according to the invention, and Figure 8B is a 
bottom view of the fifth example. 

Figure 9A is a cross-sectional view showing a 
construction of an optical device of a sixth example 
and Figure 9B is a bottom view of the sixth exam- 
ple. 

Figure 10 is a cross-sectional view showing a 
basic construction of an optical head for an optical 
disk, to which an optical device of the invention is 
applied, and showing the light propagation and light 
convergence. 

Figure 11a plan view showing the construction 
of the optical head shown in Figure 10. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Example 1 

A semiconductor laser device of a first exam- 
ple according to the invention will be described 
with reference to Figures 1, 2A, and 2B. In the first 
example, a glass plate 5 having a thickness of, for 
example, 0.3 millimeters (mm) is provided on an 
inner face of a cap 3. On an outer peripheral 
portion of a back face (which faces a semiconduc- 
tor laser chip 1) of the glass plate 5, a ring-shaped 
reflection diffractive optical lens 2 is formed. A 
stem 8 which also serves as a heat sink is dis- 
posed directly under the optical lens 2. The semi- 
conductor laser chip 1 is provided on the stem 8. 
By forming the reflection lens 2 on the back face of 
the glass plate 5, the lens 2 can be prevented from 
being damaged- Moreover, even if metal is used as 



a material of a reflection layer 6 for covering the 
surface of the lens 2, oxidation of the reflection 
layer 6 can be prevented due to the shield effect 
by the cap 3. A monitoring photodiode 10 is moun- 

5 ted on a member for supporting the cap 3 and the 
stem 8. The monitoring photodiode 10 monitors the 
intensity of laser light emitted from an end face of 
the semiconductor laser chip 1 opposite to a light 
emitting end face 9. The end face has a higher 

to reflectance than that of the emitting end face 9 of 
the semiconductor laser chip 1. As a result, the 
laser power for monitoring, which is emitted from 
the end face having a relatively higher reflectance 
is small enough, so that the laser power emitted 

75 from the end face 9 can be increased. 

The reflection diffractive optical lens 2 has a 
ring-shaped aperture of, for example, 1 mm - 1.3 
mm. A focal length of the reflection diffractive op- 
tical lens 2 is, for example, 1 mm at a wavelength 

20 of, for example. 0.780 um. In this case, the lens 2 
is designed so that light generated from a point 
source which is disposed away from the lens 2 by 
a distance of, for example. 2 mm can be focused 
on the same point with a folded optical path. The 

25 optical lens 2 is composed of gratings with a plural- 
ity of concentric circular grooves. Each of the 
grooves is rectangular in section and has a groove 
depth of, for example. 0.2 um. On the optical lens 
2, the reflection layer 6 which is made of, for 

30 example, a metal layer such as Ag, A! or Au, or a 
multilayer dielectric film is provided. The distance 
between the grooves (grating period) becomes 
gradually smaller toward the outermost circular 
groove along the radial direction, for example, from 

35 0.87 um to 0.72 um. 

Light in the peripheral portion 4B of light (e.g., 
a center wavelength thereof is about 0.78 um) 
emitted from the light emitting end face 9 of the 
semiconductor laser chip 1 is incident on the re- 

ao flection diffractive optical lens 2. The light in the 
peripheral portion 4B which is incident on the re- 
flection diffractive optical lens 2 is reflected and 
diffracted by the reflection diffractive optical lens 2, 
for example, with diffraction efficiency of 40%. 

45 Among the reflected and diffracted light beams, 
only a reflected first-order diffracted light beam 7 
having a selected wavelength (e.g., 0.780 um) is 
converged on the light emitting end face 9 of the 
semiconductor laser chip 1, and entered into the 

so semiconductor laser chip 1 (the power of entering 
light is 5% to 20% of the total power of emitted 
light). In this example, the input optical power may 
be set to be, for example. 5% to 33% of the total 
power of emitted light. If the input optical power is 

55 set to be substantially equal to or higher than the 
reflectance of the light emitting end face 9 (e.g., 
5%), the wavelength shift can advantageously be 
suppressed. Other first-order diffracted light beams 
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having other wavelengths (e.g., 0.77 or 0.79 am) 
are out of focus on the light emitting end face 9. As 
the wavelength deviates from the selected 
wavelength, the power of light which enters into the 
semiconductor laser chip 1 decreases. By the input 
of the light having the selected wavelength to the 
semiconductor laser chip 1, a wavelength of laser 
oscillation is made equal to the selected 
wavelength. Thus, the laser light having a stable 
wavelength is generated by laser oscillation from 
the light emitting end face 9. The laser light in the 
center portion 4A is emitted to the external of the 
semiconductor laser device through the laser light 
emitting portion 11, i.e., the glass plate 5. The laser 
light 4 is utilized for, for example, an optical system 
such as a pickup used in an optical disk apparatus. 
In this example, the first-order diffracted light 
beams are used among the reflected and diffracted 
light beams. Alternatively, diffracted light beams 
with any other order, such as second-order dif- 
fracted light beams can also be used. 

The aperture of the reflection diffractive optical 
fens 2 in this example is formed into a ring shape, 
so that the power of the light in the center portion 
4A of the fight emitted from the semiconductor 
laser chip 1 cannot be reduced. The light in the 
peripheral portion 4B is blocked by the cap 3. and 
the fight in the peripheral portion 4B cannot be 
used in many conventional cases. The semicon- 
ductor laser device of this example has an advan- 
tage in that the light in the peripheral portion 4B is 
effectively utilized. Generally, the power distribution 
of the laser light emitted from the semiconductor 
laser chip 1 is elliptical, not circular, so that the 
reflection lens 2 may alternatively be partly formed 
so as to reflect the elliptical light. 

If the distance from the light emitting end face 
9 of the semiconductor laser chip 1 to the back 
face of the glass plate 5 on which the lens 2 is 
formed is represented by a, a phase shift function 
*(r) of the reflection diffractive optical lens 2 in this 
example is given as follows: 

*(r) = X/tt • (V(a2 T W) - a) - 2m7r, 

where X is a wavelength of light, r is the distance 
from the center of the lens 2, and m is an integer 
which satisfies a condition of 0 £ * 3 2-r. The 
above function is approximately the same as that 
for a lens having a focal length f = a/2. 

For producing the reflection diffractive optical 
lens 2, a known electron-beam lithography has 
been used. In more detail, an electron-beam resist 
made of, for example. PMMA. CMS or the like is 
first spin-coated on the glass plate 5. Then, elec- 
tron beams are concentrically radiated to the resist 
After development the resist has various film thic- 
knesses, so as to form a grating pattern. Then, the 
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reflection layer 6 is deposited on the grating. The 
producing method is finished. In addition, the meth- 
od for mass production is as follows. First, a metal 
mold having the grating pattern without reflection 

s layer 6 is produced using the original optical lens 
fabricated by electron-beam lithography. A grating 
is duplicated with the metal mold, for example, by 
using a UV-setting resin. On the duplicated grating, 
a reflection layer 6 is deposited, whereby an optical 

w lens 2 having the same grating pattern as that of 
the original can be produced. According to the 
above-described method, the semiconductor laser 
device of this example can be mass-produced at 
low cost. After development, a grating pattern may 

15 be directly formed on the surface of a glass plate 
by an ion beam etching method, an etching meth- 
od with hydrofluoric acid, or the like by using the 
patterned resist as an etching mask. The resulting 
optical lens 2 is thermally stable as compared with 

20 an optical lens 2 having a grating structure made of 
resist. 

In this example, the grating pattern constituting 
the reflection diffractive optical lens 2 is circular. 
However, since the diverging spherical wave of the 

25 laser light emitted from the semiconductor laser 
chip 1 generally has astigmatism, the grating pat- 
tern with an elliptical shape can compensate the 
aberration of astigmatism. 

As described above, by providing a reflection 

30 diffractive optical lens on a glass plate for shielding 
an opening of a cap, a semiconductor laser device 
without wavelength shift can be provided. 

Instead of a reflection diffractive optical lens, 
an optical device of another type can be provided 

35 on the glass plate for shielding the opening of the ■ 
cap. For example, a transmission diffractive optical 
lens may be formed on the grass plate. The in- 
tegration of an optical device and a shielding glass 
plate provides a compact semiconductor laser de- 

40 vice. 

Example 2 

Figure 3 is a cross-sectional view showing a 
45 structure of a semiconductor laser device of a 
second example according to the invention, and 
illustrating the convergence of light. Differences 
between the semiconductor laser device of this 
example and that of the first example will be de- 
so scribed below. In this example, a glass plate 5' 
having a thickness of 2 mm is placed on a cap 3. A 
reflection diffractive optical lens 2' is provided on a 
face (which does not face a semiconductor laser 
chip 1) of the glass plate 5*. With this structure in 
55 which the glass plate 5' is provided on the cap 3, 
the reflection diffractive optical lens 2* is separated 
from the semiconductor laser chip 1 by the glass 
plate 5'. Therefore, even if the temperature of the 
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inside of the cap 3 rises, the temperature at the 
position where the reflection diffractive optical lens 
-2* is disposed does not so rise. Thus, there is no 
problem if the reflection diffractive optical lens 2' is 
formed of a synthetic resin. In this example, since 
4he glass plate 5' is provided on the cap 3, the 
position of the reflection diffractive optical lens 2' 
and the position of the semiconductor laser chip 1 
can more easily be adjusted. Moreover, in this 
example, the distance from the semiconductor la- 
ser chip 1 to the lens 2' is larger than that in the 
first example, so that the selected wavelength is 
well separated from non-selected wavelengths, 
which allows the wavelength stability to increase. In 
this example, the glass plate 5' is exposed. How- 
ever, if a package is provided so as to cover the 
glass plate 5', the durability is improved. Moreover, 
the semiconductor laser device may be provided 
with a glass plate 5 on the inner face of the cap 3, 
as in the conventional example. 

Example 3 

Figures 5A and 5B are cross-sectional and top 
views, respectively, showing a construction of an 
optical device of a third example according to the 
invention. Figure 6 is a side view illustrating reflec- 
tion and diffraction of light beams having various 
wavelengths in the optical device of the third exam- 
ple according to the invention. The third example of 
the invention will be described below with refer- 
ence to Figures 5A, 5B and 6. 

As is shown in Figures 5A and 5B, the optical 
device of this example includes a glass substrate 
25 having a thickness of, for example, 4.5 mm, a 
first optical element 22 formed on the surface of 
the glass substrate 25, and a second optical ele- 
ment 23 around the first optical element 22. On a 
back face of the substrate 25, a semiconductor 
laser chip 21 is provided directly under the first 
optical element 22. The first optical element 22 is a 
transmission micro Fresnel lens having an aperture 
of, for example, 1 mm. The micro Fresnel lens is 
designed so as to collimate light which is gen- 
erated from a point source. The first optical ele- 
ment 22 has, for example, a grating structure in- 
cluding a plurality of concentric grooves and having 
a saw-tooth shape in section. Each of the grooves 
has, for example, a maximum depth of 1.3 um. The 
second optical element 23 is a reflection diffractive 
optical lens for converging the light. The iens has a 
ring-shaped aperture, of which an inner diameter is 
1 mm and an outer diameter is 1.3 mm, for exam- 
ple. The lens is designed so that light generated 
from a point source can be focused on the same 
point with a folded optical path. The second optical 
element 23 is composed of reflection gratings with 
a plurality of concentric circular grooves having a 



saw-tooth shape in section. Each of the grooves 
has, for example, a maximum depth of 0.24 um. 
On the second optical element 23, a reflection 
layer 26 which is made of, for example, a metal 

5 layer such as Ag, Al or Au, or a multilayer dielectric 
film is provided. The grating period becomes 
gradually smaller toward the outermost circular 
groove along a radial direction, for example, from 
2.4 um to 1.8 um. The structure of the second 

io optical element 23 is the same as that of the outer 
peripheral portion of a usual reflection micro Fres- 
nel lens. 

Light in the peripheral portion 24B of light (e.g., 
a center wavelength thereof is about 0.78 um) 

is emitted from a light emitting end face 29 of the 
. semiconductor laser chip 21 is incident on the 
second optical element 23 through the substrate 
25. The light in the peripheral portion 24B which is 
incident on the second optical element 23 is re- 

20 fleeted and diffracted by the second optical ele- 
ment 23, for example, with diffraction efficiency of 
50%. Among the reflected and diffracted light 
beams, only a reflected first-order diffracted light 
beam 27 having a selected wavelength (e.g.. 0.780 

25 um) is converged on the light emitting end face 29 
of the semiconductor laser chip 21, and entered 
into the semiconductor laser chip 21. The optimal 
input optical power to the semiconductor laser chip 
21 depends on the reflectance of the tight emitting 

30 end face 29. In this example, the input optical 
power is set to be, for example, 5% to 33% of the 
total power of emitted light. If the input optical 
power is set to be substantially equal to or higher 
than the reflectance of the light emitting end face 

35 29 (e.g., 5%). the wavelength shift can advanta- 
geously be suppressed. Figure 6 shows the con- 
vergence of light beams with various wavelengths, 
where the selected wavelength is X, and the 
wavelength difference from X is AX. A light beam 

40 indicated by a solid line has the same wavelength 
as the selected one X (AX = 0). Light beams 
indicated by a one-dot chain line and a broken line 
have wavelengths longer and shorter than the se- 
lected wavelength X (AX > 0 and AX < 0), respec- 

45 tively. First-order diffracted light beams having oth- 
er wavelengths {e.g., 0.77 or 0.79 um) are not 
incident on the light emitting end face 29, because 
angles of diffraction are different from that of the 
wavelength x (a focal length is decreased when AX 

50 > 0, and it is increased when AX < 0). By the input 
of the light having the selected wavelength to the 
semiconductor laser chip 21, a wavelength of laser 
oscillation in the semiconductor laser chip 21 is 
made equal to the selected wavelength. Light in the 

55 center portion 24A is collimated by the first optical 
element 22. The light 28 is utilized for. for example 
an optical system such as a pickup used in an 
optical disk apparatus. In this example, the first- 

7 
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order diffracted light beams are used among the 
reflected and diffracted light beams. Alternatively, 
diffracted light beams with any other order, such as 
second-order diffracted light beams can be used. 

The second optical element 23 is used for the 
feedback of the emitted light to the semiconductor 
laser chip 21. The aperture of the second optica] 
element 23 in this example is formed into a ring 
shape on the outer peripheral portion of the sub- 
strate 25, so that the power of the light in the 
center portion 24A of the light emitted from the 
semiconductor laser chip 21 cannot be reduced. 
The light in the peripheral portion 24B is intention- 
ally unused for the beam shape in many conven- 
tional cases. The optical device of this example has 
an advantage in that the light in the peripheral 
portion 24B is effectively utilized. Generally, the 
power distribution of the laser light emitted from 
the semiconductor laser chip 21 is elliptical, not 
circular, so that the second optical element 23 may 
alternatively be partly formed so as to reflect the 
elliptical light. 

As described above, in this example, the sec- 
ond optical element 23 which serves as a grating 
and a lens for selecting a wavelength of light in- 
cident on the light emitting end face 29 of the 
semiconductor laser chip 21 and the first optical 
element 22 for collimating the emitted light are 
formed on one and the same substrate 25. Accord- 
ingly, the resulting optical device is miniaturized, 
and the positions of these plurality of optical ele- 
ments can be accurately and easily adjusted to 
each other by using a known planar technique. In 
addition, the positions of the plurality of optical 
elements can be adjusted during the production of 
the optical device, so that it is unnecessary to 
separately produce the optical elements and then 
to assemble them. 

If the distance from the light emitting end face 
29 of the semiconductor laser chip 21 to the face 
of the substrate 25 on which the elements 22 and 
23 are formed is represented by a, a phase shift 
function $(r) of the second optical element 23 in 
this example is given as follows: 

$<r) = x/(ri7r) * {-JW ~ i 3 ) : a)- 2m7r, 

where X is a wavelength of light, r is the distance 
from the center of the second optical element 23, n 
is the refractive index of the substrate 25, and m is 
an integer which satisfies the condition of 0 S * S 
2tt. The above function is approximately the same 
as that for a lens having a focal length f = a/2. 

For producing the first and second optical ele- 
ments 22 and 23, an electron-beam lithography 
which is one of the known planar techniques has 
been used. In more detail, an electron-beam resist 
made of, for example, PMMA, CMS or the like is 



first spin-coated on the glass substrate 25. Then, 
electron beams are concentrically radiated to the 
resist correspondingly to the first and the second 
optical elements 22 and 23. After development, the 

5 resist has various film thicknesses. Then, the re- 
flection layer 26 is deposited only on the second 
optical element 23. The producing method is fin- 
ished. In addition, the method for mass production 
is as follows. First, a metal mold having a pattern of 

io the first and the second optical elements 22 and 23 
without reflection layer 26 is produced using the 
original optical elements 22 and 23 fabricated by 
electron-beam lithography. The optical elements 22 
and 23 are duplicated with the metal mold, for 

75 example, by using a UV-setting resin. Only on the 
duplicated optical element 23. the reflection layer 
26 is deposited, whereby the optical elements 22 
and 23 having the same pattern as the original one 
can be produced, and the relative positional rela- 

20 tionship therebetween is maintained. According to 
the above-described method, the optical device of 
this examole can be mass-produced at low cost. 
After development, the pattern may be directly 
formed on the surface of the glass substrate 25 by 

25 an ion beam etching method, an etching method 
with hydrofluoric acid, or the like by using the 
patterned resist as an etching mask. The resulting 
optical elements 22 and 23 are thermally stable as 
compared with optical elements 22 and 23 having a 

30 grating structure made of resist. 

In this example, the grating pattern constituting 
the optical elements 22 and 23 is circular. How- 
ever, since the diverging spherical wave of the 
laser light emitted from the semiconductor laser 

35 chip 21 generally has astigmatism, the grating pat- 
tern with an elliptical shape can compensate the 
aberration of astigmatism. In addition, in this exam- 
ple, the grating which constitutes the optical ele- 
ments 22 and 23 has a saw-tooth shape in section. 

40 Alternatively, even if the cross section of the grat- 
ing is rectangular, the same effects can be attained 
while the diffractive efficiency is somewhat de- 
creased. In addition, in this example, a diffractive 
lens is used as the first optical element 22. Alter- 

45 natively, even if a refractive plano-convex lens is 
used, the integration effect can be attained while 
the lens thickness is somewhat increased. 

By the provision of the second optical element 
23, the position of the semiconductor laser chip 21 

so is adjusted so that the first-order diffracted light 
beam 27 reflected from the second optical element 
23 can be incident on the light emitting end face 
29. Therefore, the position adjustment for the first 
optical element 22 and the semiconductor laser 

55 chip 21 can easily be performed. In addition, if the 
wavelength of the coltimated emitted light 28 is 
monitored and the position adjustment is per- 
formed in such a manner that the wavelength is 
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equal to a design wavelength, an automatic posi- 
tion adjustment can easily be performed. 

Ex ample 4 

Figures 7A and 7B are cross-sectional and top 
views showing a basic construction of an optical 
device of a fourth example, respectively. The op- 
tical device is different from the optical device of 
the third example in the following manner. 

In this example, as a substrate 25, a glass 
plate having a thickness of, for example, 4 mm is 
used. The lower left portion of the substrate 25 is 
cut away at an angle of 30* with respect to the 
lower face of the substrate 25. A semiconductor 
laser chip 21 is provided on the cut face in such a 
manner that a light emitting end face 29 thereof is 
parallel to the cut face. Laser light 24A and 24B 
emitted from the light emitting end face 29 of the 
semiconductor laser chip 21 is incident on optical 
elements 22A and 23A which are formed on the 
upper face of the substrate 25 at an oblique angle 
of, for example, 30* with respect to the vertical 
direction. Regarding the light 24B incident on the 
second optical element 23A which is formed ar- 
ound the first optical element 22A, the same as in 
the third example, a reflected first-order diffracted 
light beam 27 having a selected wavelength is 
incident on the light emitting end face 29, and thus 
the wavelength of the laser light is made equal to 
the selected wavelength. The light 24A incident on 
the first optical element 22A is reflected therefrom 
so as to be collimated. The collimated light is 
reflected by a reflection layer 26A which is pro- 
vided on the lower face of the substrate 25. The 
reflected light is emitted obliquely from the surface 
of the substrate 25 to the external thereof as emit- 
ted light 28. The power distribution of laser light 
emitted from a usual semiconductor laser chip is 
elliptical. The position of the semiconductor laser 
chip 21 is adjusted so that the major axis of the 
ellipse of the laser light is parallel to the plane 
which includes an optical axis of the laser light 
propagated through the substrate 25 (that is, an 
optical axis of laser light from the semiconductor 
laser chip 21 to the first optical element 22A) and a 
line perpendicular to the upper face of the sub- 
strate 25 on which the first and second optical 
elements 22A and 23A are formed. Accordingly, 
the ellipticity is reduced (i-Q-. the sectional shape of 
the collimated light 28 becomes closer to a circle), 
a beam shaping effect is attained. 

The first optical element 22A is a reflection 
diffractive optical microlens for obliquely incident 
light (e.g., at an obliquely incident angle of 30*) 
having a length of t mm along a major axis and a 
length of 0.86 mm along a minor axis. The second 
optical element 23A is also a reflection diffractive 



optical microlens for obliquely incident light, for 
example, having a length of 1 to 1 .3 mm along a 
major axis and a length of 0.86 to 1.1 mm along a 
minor axis. On both the optical elements 22A and 

s 23A, a reflection layer 26A' is deposited. The grat- 
ing of the optical element 22A has a saw-tooth 
shape in section. The plane pattern of the grating 
of the optical element 22A has an elliptical shape. 
The center position of the ellipse is gradually shift- 

io ed in the y direction (along the major axis thereof 
away from the semiconductor laser chip 21) toward 
the circumferential portion. Therefore, in this con- 
struction, the astigmatism and the coma caused by 
the obliquely incident light are corrected. The sec- 

75 ond optical element 23A has a rectangular shape in 
section. In the top view of the second optical ele- 
ment 23A, the period is increased, but the cur- 
vature of the curved grating is decreased in the y 
direction (toward the semiconductor laser chip 21). 

20 In this example, the first and the second optical 

elements 22A and 23A are formed on the substrate 
25. In this example and the following fifth and sixth 
examples, the optical device with a larger number 
of optical elements formed on one and the same 

25 substrate 25 can be applied to a planar-type optical 
system in which an optical information processing 
is performed by utilizing a zigzag optical path with- 
in the substrate. 

In this example, the reflection layer 26A is 

30 provided on the tower face of the substrate 25. 
Alternatively, the reflection layer 26A may be pro- 
vided on the upper face of the substrate 25 and the 
first and second optical elements 22A and 23A 
may be provided on the lower face of the substrate 

35 25, as is shown in Figures 8A and 8B 

Example 5 

Figures 8A and 8B are cross-sectional and 

40 bottom views showing a basic construction of an 
optical device of a fifth example, respectively. The 
optical device is different from the optical device of 
the fourth example in the following. 

In this example, on the lower face of a sub- 

45 strate 25 having a thickness of, for example, 1.5 
mm, a semiconductor laser chip 21, a second 
optical element 23B, and a first optical element 
22B are formed in this order. Laser light 24 emitted 
from the semiconductor laser chip 21 which is 

so provided on the cut face of the substrate 25 in an 
oblique manner is propagated through the sub- 
strate 25 in a zigzag manner so as to be incident 
on the second optical element 23B. Reflected first- 
order diffracted light 27 is propagated back to and 

55 incident on a light emitting end face 29 of the 
semiconductor laser chip 21 in a zigzag manner, 
so as to stabilize the oscillation wavelength. Zero- 
order diffracted light (transmitted light) from the 
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second optical element 23B is further propagated 
through the substrate 25 and incident on the first 
optical element 22B. The light is collimated by the 
first optical element 22B and emitted from the 
surface of the substrate 25 as emitted light 28. 5 

In this example, an optical path length from the 
semiconductor laser chip 21 to the first optical 
element 22B as a collimator lens is increased as 
compared with the fourth example, so that the 
thickness of the substrate 25 can be reduced. In w 
addition, since the first optical element 22B only 
has to have a long focus, the design and the 
production can easily be performed. Moreover, the 
size of the second optical element 23B is almost 
half the size of the first optical element 22B, so that is 
they can be easily formed by the electron-beam 
lithography. 

In this example, the reflection layer 26A is 
provided on the upper face of the substrate 25. 
Alternatively, the reflection layer 26A may be pro- 20 
vided on the lower face of the substrate 25 and the 
first and second optical elements 22B and 23B 
may be provided on the upper face of the substrate 
25. as is shown in Figures 7A and 7B. 

25 

Example 6 

Figures 9A and 9B are cross-sectional and 
bottom views showing the basic construction of an 
optical device of a sixth example, respectively. The 30 
optical device is different from the optical device of 
the fifth example in the following. 

In this example, on the lower face of a sub- 
strate 25 having a thickness of, for example, 3 mm, 
a semiconductor laser chip 21, a first optical ele- 35 
ment 22C, and a second optical element 23C are 
arranged in this order. Laser light 24 emitted from 
the semiconductor laser chip 21 which is provided 
on the cut face of the substrate 25 in an oblique 
manner is propagated through the substrate 25 in a aq 
zigzag manner so as to be incident on the first 
optical element 22C. The incident light is collimat- 
ed by the first optical element 22C. The collimated 
light is propagated in a zigzag manner, and in- 
cident on the second optical element 23C which is 45 
a linear grating with a uniform period. A reflected 
first-order diffracted light beam 27 is propagated 
back to and incident on a light emitting end face 29 
of the semiconductor laser chip 21 in a zigzag 
manner via the first optical element 22C, so as to 50 
stabilize the oscillation wavelength. Zero-order dif- 
fracted light (transmitted light) emitted from the 
second optical element 23C is further propagated 
through the substrate 25 and emitted from the 
surface of the substrate 25 as emitted light 28. 55 

In this example, the second optical element 
23C only has to be a linear grating with a uniform 
period, so that the design and the production can 



be advantageously facilitated as compared with the 
fifth example. 

In this example, the reflection layer 26A is 
provided on the upper face of the substrate 25. 
Alternatively, the reflection layer 26A may be pro- 
vided on the lower face of the substrate 25 and the 
first and second optical elements 22C and 23C 
may be provided on the upper face of the substrate 
25, as is shown in Figures 7A and 7B. 

In the third to sixth examples, the optical de- 
vices according to the invention are described. 
Alternatively, if a third optical element or a plurality 
of optical elements, in addition to the first and the 
second optical elements, are formed on one and 
the same substrate, the same effects can be at- 
tained. It is appreciated that, other than the optical 
devices of the above examples, an optical device 
in which the constructions of the optical devices of 
the above examples are combined can be con- 
structed, and such an optical device can attain the 
same effects. 

In the fourth to sixth examples, the single re- 
flection layer 26A is provided on the upper face or 
lower face of the substrate 25. Alternatively, one or 
more additional reflection layers 26A may be pro- 
vided on the lower face and/or upper face of the 
substrate 25, so as to attain a long zigzag propaga- 
tion of laser light as is shown in Figures 10 and 11. 

Referring to Figures 10 and 11, an exemplary 
optical head for an optical disk, to which an optical 
device of the invention is applied is described 
below in detail. In the present specification, "an 
optical device" includes an optical head. Figures 
10 and 11 are cross-sectional and plan views 
showing a basic construction of the optical head, 
and showing the light propagation and light conver- 
gence. 

In Figures 10 and 11, reflection layers 41a, 
41b, and 41c are formed on upper and lower faces 
of a glass substrate 32. The substrate 32 has, for 
example, a thickness (in the z direction) of 3 mm, a 
width (in the x direction) of 10 mm, and a length (in 
the y direction) of 20 mm. Each of the reflection 
layers 41a, 41b, and 41c is made of, for example, 
a metal layer such as Ag, Al or Au, or a multilayer 
dielectric film. The substrate 32 itself serves as a 
lightguide 43 through which light is propagated in a 
zigzag manner by utilizing the reflection at the 
upper and the lower faces thereof. The substrate 
32 is sufficient if it is transparent to the employed 
wavelength. Especially, a glass substrate such as 
quartz is thermally stable. As is shown in Figure 
10, the lower left portion of the substrate 32 is 
obliquely cut away at an angle of 20 • with respect 
to the y direction, and a semiconductor laser chip 
31 is disposed on the cut face. A photodetector 36 
is disposed on the lower face of the substrate 32. 
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Laser tight having a wavelength of, for exam- 
ple, 0.78 um is emitted from a light emitting end 
face of the semiconductor laser chip 31. An optical 
axis of the laser light is oblique at an angle of, for 
example, 20 * with respect to the z axis. The laser 
- light as propagation light 38 is incident on a reflec- 
tion collimator lens 33 which is a collimator ele- 
ment having, for example, a focal length of 8.5 mm, 
and an aperture of 2 mm. The reflection collimator 
lens 33 reflects and collimates the propagation light 
38 while the angle of the optical axis {a propagation 
angle 6) is maintained (e.g., 20*). The reflection 
collimator lens 33 is composed of an elliptical 
grating having a saw-tooth shape in section and the 
period of the grating is decreased toward the cir- 
cumference. The center position of the elliptical 
grating is gradually shifted in the y direction toward 
the circumference. By using such a collimator lens, 
the coma and the astigmatism which are usually 
caused at the oblique incidence can be eliminated, 
and the obliquely incident light can be collimated 
without aberrations. 

The collimated light having a width of, for ex- 
ample, 2 mm is propagated in a zigzag manner via 
the reflection layer 41a. a reflection twin lens 35 
which is also provided on the lightguide 43. and the 
reflection layer 41c, and then incident on a trans- 
mission objective lens 34. The transmission objec- 
tive lens 34 is a light converging element, and has, 
for example, an aperture of 2 mm and a focal 
length of 2 mm. Then, the propagation light 38 is 
output from the transmission objective lens 34 as 
light 39 which is converged on an optical disk 37. 
Light 40 which is reflected from the optical disk 37 
is incident on the transmission objective lens 34, 
and collimated to be propagation light 38". The 
propagation light 38' is propagated in a zigzag 
manner and incident on the reflection twin lens 35. 
The reflection twin lens 35 is a positional signal 
detecting element (focus/track error signal detect- 
ing element) covered with the reflection layer 41b 
and disposed on the lightguide 43. The reflection 
twin lens 35 has, for example, a length in the x 
direction of 2 mm, and a length in the y direction of 
2 mm, and a focal length of 10 mm. The reflection 
twin lens 35 has a structure in which reflection 
lenses 35a and 35b including the same curved 
grating are arrayed. The propagation light 38' is 
diffracted by the twin lens 35 and the first-order 
diffracted light beam is divided into two beams 
which are in turn converged on the photodetector 
36. 

The reflection collimator lens 33 is, for exam- 
ple, an inline type reflection diffractive optical lens 
having a maximum groove depth of 0.28 um. The 
transmission objective lens 34 is, for example, an 
off-axis type transmission diffractive optical lens 
having a maximum groove depth of 1.3 um. The 



reflection twin lens 35 is of an. off-axis type and has 
a maximum groove depth of, for example, 0.12 um. 
The above optical elements are al! diffractive op- 
tical elements for performing convergence by utiliz- 

5 ing the optical diffraction phenomenon. In this ex- 
ample, the inline type diffractive optical lens is a 
lens for which the angle of the optical axis of light 
incident thereon is equal to the angle of the optical 
axis of light emitted therefrom. The off-axis type 

10 diffractive optical lens is a lens for which the angle 
of the optical axis of light incident thereon is dif- 
ferent from the angle of the optical axis of light 
emitted therefrom. Such diffractive optical elements 
can be accurately positioned and integrated on the 

is lightguide 43 by a known planar technique. In addi- 
tion, the size and the weight thereof are reduced 
and the characteristics thereof are stabilized. 

These diffractive optical elements 33, 34, 35 
and 44 are produced by the following method. An 

20 electron-beam resist made of, for example. PMMA, 
CMS or the like is first spin-coated on the glass 
substrate 32. Then, an electron-beam lithography in 
which the irradiation amount (electron dose) is con- 
trolled depending on the fiim thickness of each 

25 element to be produced is performed. Then, devel- 
opment is performed, so that the resist has various 
film thicknesses. By using the optical element thus 
formed (original), a metal mold thereof is produced 
by, for example, a nickel electro-forming method. 

30 For example, by using a UV-setting resin, the len- 
ses 33, 34. 35 and 44 the same as the original are 
duplicated on the lightguide 43. According to this 
method, four diffractive optical lenses 33, 34, 35. 
and 44 can simultaneously and easily be formed 

35 on the lightguide 43 by using the same material 
with highly accurate positioning. After the duplica- 
tion, on the reflection diffractive lenses 33, 35, and 
44, a metal layer, for example, of Ag, Al, Au or the 
like is deposited as the reflection layer 41b. 

40 If a metal layer of Cu, Cr or the like, a synthetic 

resin such as a UV-setting resin and a lacquer, a 
dielectric multilayer film, SiO, S1O2, MgF2, SiC, 
graphite, diamond, or the like is deposited on the 
reflection layer 41b so as to have a thickness of, 

45 for example, 1000 A to several um, the surface of 
the reflection layer is not likely to be damaged, and 
the oxidation of the reflection layer can be pre- 
vented. Thus, it is possible to improve the envi- 
ronmental resistance. Especially in the case where 

50 Ag is used as a material of the reflection layer, the 
reflection layer is easily oxidized. Therefore, in 
such a case, the provision of an additional layer on 
the reflection layer attains great effects. 

Signals recorded on the optical disk 37 can be 

55 reproduced from the sum of the outputs of the 
division photodetector 36 (36a + 36b + 36c + 
36d). 
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By using the positional signal detecting ele- 
ment 35, a focus error signal and a tracking error 
signal can be detected. The detection of the focus 
error signal utilizes a known Foucault method. Spe- 
cifically, when the optical disk 37 is positioned at 5 
the just focus position, the divided photodetectors 
36a, 36b, 36c and 36d are arranged in such a 
manner that the two divided propagation light 
beams which are divided by the reflection twin lens 
35 are converged on the border between 36a and ;o 
36b and on the border between 36c and 36d, 
respectively. The focus error signal is the differ- 
ence between the output of the photodetector 36a 
and the output of the photodetector 36b (36a - 
36b), or the difference between the output of the 75 
photodetector 36d and the output of the 
photodetector 36c {36d - 36c). Therefore, when the 
optical disk 37 is positioned at the just focus posi- 
tion, the focus error signal is obtained as 0. If the 
optical disk 37 moves away from the just focus 20 
position in the -z axis direction, the propagation 
light 38' is changed from the collimated light to a 
converging spherical wave. Therefore, the two di- 
vided propagation light beams travel so as to be 
close to each other, so that the focus error signal 25 
becomes negative. If the optical disk 37 comes 
closer from the just focus position in the z direc- 
tion, the propagation light 38' is changed to be a 
diverging spherical wave. Therefore, the two di- 
vided propagation light beams travel so as to be 30 
away from each other, so that the focus error signal 
becomes positive. Accordingly, by using the focus 
error signal, a focus control can be performed. 

The tracking error signal can be detected by a 
known push-pull method. Specifically, the tracking 35 
error signal can be detected as a difference in 
optical power between the two divided propagation 
light beams by calculating the outputs of the 
photodetectors (36a + 36b - 36c - 36d). If the 
calculated result is 0, this indicates the just track- 40 
ing. If the calculated result has a value other than 
0, the tracking is deviated. A tracking control can 
be performed based on the signal. 

The focus control and the tracking control are 
performed by moving the entire substrate 32 on 45 
which various optical elements are provided to an 
optimum position with an actuator, based on the 
respective detected error signals. 

In the optical head described above, each of 
the width and the thickness of the lightguide 43 is, so 
for example, in the order of 500 times of the 
wavelength or more, so that light can be treated on 
the basis of geometrical optics, i.e., light is propa- 
gated in a zigzag manner as a ray. 

In this example, since the wavelength select 55 
lens 44 is formed in the shape of ring around the 
reflection collimator lens 33, the wavelength of the 
laser light emitted from the semiconductor laser 



chip 31 is stabilized for the reasons described 
above. 

In this example, the arrangement of the first 
and second optical elements which is similar to 
that of the fourth example is employed (see Fig- 
ures 7A, 7B, 10 and 11). Alternatively, the arrange- 
ment of the first and second optical elements which 
is similar to that of the fifth or sixth example may 
be employed. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to 
the description as set forth herein, but rather that 
the claims be broadly construed. 

Claims 

1. A semiconductor laser device comprising: 

a semiconductor laser chip having an emit- 
ting end face for emitting laser light; 

an optica! device allowing said laser light 
to transmit therethrough; and 

a supporting member for supporting said 
semiconductor laser chip and said optical de- 
vice in an arrangement that said laser light 
emitted from said emitting end face of said 
semiconductor laser chip is incident on said 
optical device, 

wherein said optical device includes a re- 
flection diffractive optical means, and 

wherein said reflection diffractive optical 
means diffracts part of said laser light emitted 
from said emitting end face of said semicon- 
ductor laser chip, to form diffracted light 
beams, and allows a diffracted light beam hav- 
ing a selected wavelength among said dif- 
fracted light beams to be incident on said 
emitting end face. 

2. A semiconductor laser device according to 
claim 1 , wherein said part of said laser light 
diffracted by said reflection diffractive optical 
means is light in the peripheral portion of said 
laser light. 

3. A semiconductor laser device according to 
claim 2, wherein said optical device further 
includes a transparent plate, and wherein said 
reflection diffractive optical means is a lens 
formed on a surface of said transparent plate, 
said lens being a ring-shaped lens having an 
opening. 

4. A semiconductor laser device according to 
claim 3, wherein said optical device further 
includes another optical means provided in 
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said opening of said ring-shaped lens. 

* 5. A semiconductor laser device according to 
claim 3, wherein said transparent plate is dis- 
posed substantially parallel to said emitting 5 
end face of said semiconductor laser chip. 

6. A semiconductor laser device according to 
claim 3, wherein said supporting member has 

a portion for supporting said semiconductor w 
laser chip, and a cap provided on said portion 
to cover said semiconductor laser chip, said 
cap having an opening for allowing at least part 
of said laser light emitted from said emitting 
end face of said semiconductor laser chip. is 

7. A semiconductor laser device according to 
claim 6, wherein said transparent plate is pro- 
vided on the inner side of said cap to cover 

said opening of said cap. 20 

&. A semiconductor laser device according to 
claim 7. wherein, in said cap, said refiection 
diffractive optical lens faces said emitting end 
face of said semiconductor laser chip. 25 

9. A semiconductor laser device according to 
claim 7, wherein said reflection diffractive op- 
tical lens is provided on one face of a pair of 
faces of said transparent plate, said one face 30 
not facing said emitting end face of said semi- 
conductor laser chip. 

1 0. A semiconductor laser device according to 
claim 6, wherein said transparent plate is pro- 35 
vided on the outer side of said cap to cover 

said opening of said cap. 

11. A semiconductor laser device according to 
cfaim 1 , wherein said semiconductor laser chip 40 
includes another end face parallel to said emit- 
ting end face, said end face having a higher 
reflectance than that of said emitting end face. 

12. A semiconductor laser device according to 45 
claim 1 , wherein a power ratio of light allowed 

to be incident on said emitting end face by 
said reflection diffractive optical means to laser 
light oscillated in said semiconductor laser 
chip is equal to or larger than a reflectance of 50 
said emitting end face of said semiconductor 
laser chip. 

13. A semiconductor laser device comprising: 

a semiconductor laser chip having an emit- 55 
ting end face for emitting laser light; and 

a supporting member for supporting said 
semiconductor laser chip, 

13 



wherein said supporting member includes 
a portion for supporting said semiconductor 
laser chip and a cap for covering said semi- 
conductor laser chip, and 

wherein said cap includes an opening for 
allowing part of said laser light emitted from 
said emitting end face of said semiconductor 
laser chip, a transparent plate which covers 
said opening of said cap, and an optical device 
provided on said transparent plate. 

14. An optical device comprising: 

a substrate having a first main face and a 
second main face; 

a first optical element formed on either 
one main face of said first main face or said 
second main face of said substrate; and 

a second optical element formed on said 
main face together with said first optical ele- 
ment, 

wherein said second optical element has a 
refiection diffractive grating structure, said sec- 
ond optical element receiving part of laser light 
emitted from an emitting end face of a semi- 
conductor laser chip, reflecting and diffracting 
said part of said laser light to form a plurality 
of orders of diffracted light beams, and allow- 
ing diffracted light beams having a selected 
wavelength among said plurality of orders of 
diffracted light beams to be incident on said 
emitting end face of said semiconductor laser 
chip. 

15. An optical device according to claim 14, 
wherein said first optical element is an optical 
element having a diffractive grating structure. 

16. An optical device according to claim 15, 
wherein said first optical element is a transmis- 
sion element, and wherein said first optical 
element receives part of said laser light, and 
emits said part of said laser , light to the exter- 
nal of said substrate. 

17. An optical device according to claim 14, 
wherein said second optical element is formed 
around said first optical element. 

18. An optical device according to claim 16 or 17, 
wherein said first optical element is a micro 
Fresnel lens. 

19. An optical device according to cfaim 15, 
wherein said first optical element is a reflection 
element, and wherein said first optical element 
receives part of said laser light and reflects 
said part of said laser light in a direction in 
which said semiconductor laser chip is not 
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disposed. 

20. An optical device according to claim 19, 
wherein an angle formed by said main face on 
which said first and second optical elements 
are formed and said emitting end face of said 
semiconductor laser chip is smaller than 90 * . 

21. An optica! device according to claim 20, 
wherein said second optical element is formed 
around said first optical element 

22. An optical device according to claim 20, 
wherein said second optical element is formed 
at a distant position from said first optical ele- 
ment. 

23. An optical device according to claim 22, further 
comprising reflection means on the other one 
of said first or second main face on which said 
first and second optical elements are not 
formed, 

wherein said second optical element re- 
ceives said part of said laser light emitted from 
said emitting end face of said semiconductor 
laser chip via said reflection means, and allow- 
ing said diffracted light beams having the se- 
lected wavelength among said plurality of or- 
ders of diffracted light beams to be incident on 
said emitting end face of said semiconductor 
laser chip via said reflection means. 

24. An optical device according to claim 22, further 
comprising reflection means on the other one 
of said first or second main face on which said 
first and second optical elements are not 
formed, 

wherein said second optical element re- 
ceives said part of said laser light emitted from 
said emitting end face of said semiconductor 
laser chip, and allowing said diffracted tight 
beams having the selected wavelength among 
said plurality of orders of diffracted light beams 
to be incident on said emitting end face of said 
semiconductor laser chip. 

25. An optical device according to claim 23, 
wherein said reflection means receives zero- 
order diffracted light beams among said plural- 
ity of orders of diffracted light beams from said 
second optical element, and reflects said zero- 
order diffracted light beams, whereby said 
zero-order diffracted light beams are allowed 
to be incident on said first optical element. 

26. An optical device according to claim 24, 
wherein said reflection means receives zero- 
order diffracted light beams among said plural- 



ity of orders of diffracted tight beams from said 
second optical element, and reflects said zero- 
order diffracted light beams, whereby said 
zero-order diffracted light beams are allowed 
s to be incident on said first optical element. 

27. An optical device according to claim 25, 
wherein said first optical element forms other 
diffracted light beams from said zero-order dif- 
io fracted light beams which are received from 

said second optical element via said reflection 
means, and emits said other diffracted light 
beams to the external of said substrate. 

is 28. An optical device according to claim 25, 
wherein said first optical element forms other 
diffracted light beams from said zero-order dif- 
fracted fight beams which are received from 
said second optical element via said reflection 

20 means. 

29. An optical device according to claim 22, further 
comprising reflection means on the other one 
of said first and second main faces on which 

25 said first and second optical elements are not 

formed. 

wherein said first optical element receives 
said laser light emitted from said emitting end 
face of said semiconductor laser chip via said 

30 reflection means, and collimates said laser 

tight to be parallel light, and 

wherein said second optical element re- 
ceives said parallel light via said reflection 
means to form said plurality of orders of said 

35 diffracted light beams, and allows said dif- 

fracted light beams having the selected 
wavelength among said plurality of orders of 
diffracted light beams to be incident on said 
emitting end face of said semiconductor laser 

40 chip via said reflection means and said first 

optical element. 

30. An optical device according to claim 22, further 
comprising reflection means on the other one 

45 of said first and second main faces on which 

said first and second optical elements are not 
formed, 

wherein said first optical element receives 
said laser light emitted from said emitting end 
so face of said semiconductor laser chip, and 

collimates said laser light to be parallel light, 
and 

wherein said second optical element re- 
ceives said parallel light via said reflection 
55 means to form said plurality of orders of said 

diffracted light beams, and allows said dif- 
fracted light beams having the selected 
wavelength among said plurality of orders of 
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diffracted light beams to be incident on said 
emitting end face of said semiconductor laser 
chip via said reflection means and said first 
optical element. 

5 

31. An optical device according to claim 27, 
wherein said second optical element is a linear 
grating having a uniform period. 

32. An optical device according to claim 14. io 
wherein said laser light emitted from said emit- 
ting end face of said semiconductor laser chip 

is elliptical in section perpendicular to an emit- 
ting direction, and 

wherein said main face of said first or is 
second main face of said substrate on which 
said first and second optical elements are 
formed is perpendicular to the plane which 
includes both a major axis of said ellipse and 
said emitting direction. 20 

33. An optical device according to claim 14, 
wherein a power ratio of light allowed to be 
incident on said emitting end face by said 
second optical element to laser light oscillated 25 
in said semiconductor laser chip is equal to or 
larger than a reflectance of said emitting end 

face of said semiconductor laser chip. 

34. An optical device according to claim 21 , further 30 
comprising: 

reflection means on the other one of said 
first or second main face on which said first 
and second optical elements are not formed; 

an objective lens formed on said substrate, 35 
said objective lens receiving said laser light 
propagated in a zigzag manner via said reflec- 
tion means, and converging said laser light 
onto an optical information recording medium; 
and 40 

photodetector means for detecting light re- 
flected by said optica! information recording 
medium, said photodetector means producing 
a signal which includes information recorded 
on said information recording medium. 45 

35. An optical device according to claim 22, further 
comprising: 

reflection means on the other one of said 
first or second main face on which said first so 
and second optical elements are not formed; 

an objective lens formed on said substrate, 
said objective tens receiving said laser light 
propagated in a zigzag manner via said reflec- 
tion means, and converging said laser tight 55 
onto an optical information recording medium; 
and 

photodetector means for detecting light re- 



flected by said optical information recording 
medium, said photodetector means producing 
a signal which includes information recorded 
on said information recording medium. 

36. An optical device according to claim 34, further 
comprising positional signal detecting means 
formed on said substrate, said positional signal 
detecting means receiving said light reflected 
by said optical information recording medium, 
and dividing said light into a plurality of por- 
tions, 

wherein said photodetector means in- 
cludes at least four photodetectors, said 
photodetectors receiving said plurality of por- 
tions of said light, and producing a positional 
signal based on said plurality of portions of 
said light. 

37. An optical device according to claim 35, further 
comprising positional signal detecting means 
formed on said substrate, said positional signal 
detecting means receiving said light reflected 
by said optical information recording medium, 
and dividing said light into a plurality of por- 
tions. 

wherein said photodetector means in- 
cludes at least four photodetectors, said 
photodetectors receiving said plurality of por- 
tions of said light, and producing a positional 
signal based on said plurality of portions of 
said light 

38. A method of producing an optical device of the 
type according to claim 13, said method com- 
prising the steps of: 

producing a metal mold for defining a sur- 
face pattern of said first and second optical 
elements; and 

duplicating said substrate having said first 
and second optical elements with said metal 
mode. 
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